Differential modulation of the glutamate-nitric oxide-cyclic GMP pathway by distinct neurosteroids in cerebellum in vivo.
The glutamate-nitric oxide (NO)-cGMP pathway mediates many responses to activation of N-methyl-d-aspartate (NMDA) receptors, including modulation of some types of learning and memory. The glutamate-NO-cGMP pathway is modulated by GABAergic neurotransmission. Activation of GABA(A) receptors reduces the function of the pathway. Several neurosteroids modulate the activity of GABA(A) and/or NMDA receptors, suggesting that they could modulate the function of the glutamate-NO-cGMP pathway. The aim of this work was to assess, by in vivo microdialysis, the effects of several neurosteroids with different effects on GABA(A) and NMDA receptors on the function of the glutamate-NO-cGMP pathway in cerebellum in vivo. To assess the effects of the neurosteroids on the glutamate-NO-cGMP pathway, they were administered through the microdialysis probe before administration of NMDA and the effects on NMDA-induced increase in extracellular cGMP were analyzed. We also assessed the effects of the neurosteroids on basal levels of extracellular cGMP. To assess the effects of neurosteroids on nitric oxide synthase (NOS) activity and on NMDA-induced activation of NOS, we also measured the effects of the neurosteroids on extracellular citrulline. Pregnanolone and tetrahydrodeoxy-corticosterone (THDOC) behave as agonists of GABA(A) receptors and completely block NMDA-induced increase in cGMP. Pregnanolone but not THDOC also reduced basal levels of extracellular cGMP. Pregnenolone did not affect extracellular cGMP or its increase by NMDA administration. Pregnenolone sulfate increased basal extracellular cGMP and potentiated NMDA-induced increase in cGMP, behaving as an enhancer of NMDA receptors activation. Allopregnanolone and dehydroepiandrosterone sulphate behave as antagonists of NMDA receptors, increasing basal cGMP and blocking completely NMDA-induced increase in cGMP. Dehydroepiandrosterone sulphate seems to do this by activating sigma receptors. These data support the concept that, at physiological concentrations, different neurosteroids may rapidly modulate, in different ways and by different mechanisms, the function of the glutamate-NO-cGMP pathway and, likely, some forms of learning and memory modulated by this pathway.